CeCo(In0.990Hg0.010)5 is a charge doped variant of the d-wave CoCoIn5 superconductor with coexistent antiferromagnetic and superconducting transitions occurring at TN = 3.4 K and Tc=1.4 K, respectively. We use neutron diffraction and spectroscopy to show that the magnetic resonant fluctuations present in the parent superconducting phase are replaced by collinear c-axis magnetic order with three-dimensional Ising critical fluctuations. No low energy transverse spin fluctuations are observable in this doping-induced antiferromagnetic phase and the dynamic resonant spectral weight predominately shifts to the elastic channel. Static (τ > 0.2 ns) collinear Ising order is proximate to superconductivity in CeCoIn5 and is stabilized through hole doping with Hg. Doping impurities into superconductors has been used to break superconducting Cooper pairs revealing competing phases.
Strong magnetic fluctuations are not compatible with conventional superconductivity [1] , however are believed to be consistent with a superconducting gap with nodes such as d-wave symmetry [2] . The critical point separating magnetic order and superconductivity is often proximate to new phases. [2] [3] [4] [5] [6] [7] For example, the cuprate superconducting dome is bracketed by both a pseudogap phase [8, 9] and a fermi liquid [10] . In pnictides, nematic order [11] occurs in the vicinity of superconductivity. A signature that magnetic fluctuations are important for new superconducting orders is the presence of a magnetic resonance peak observed in many magnetic unconventional superconductors including cuprates [12] [13] [14] [15] , CeCu 2 Si 2 [16] , UPd 2 Al 3 [17] [18] [19] [20] , pnictides [21, 22] , and CeCoIn 5 [23] [24] [25] associated with a gap function that undergoes a change in sign [26, 27] . Magnetic resonant excitations also occur when other order parameters are present [28] with the observation of an exciton mode in CeB 6 an example. [29] We investigate the magnetic fluctuations in the CeCoIn 5 d-wave superconductor charge doped to long-range antiferromagnetic (AF) order. The results illustrate the instability of transverse 'spin-waves' in unconventional superconductors in favor of Ising like fluctuations which are condensed via charge doping.
CeCoIn 5 displays unconventional superconductivity with a transition temperature of T c =2.3 K [30] and a d-wave superconducting order parameter. [31] The crystallographic structure consists of a tetragonal unit cell with layers of magnetic Ce 3+ -In planes stacked along c. Neutron scattering shows the electronic normal state consists of overdamped magnetic excitations peaked near Q=(1/2, 1/2, 1/2) indicative of antiferromagnetic interactions between the Ce 3+ ions, both within the a−b plane and along c. The commensurate magnetic spin response differs from non-superconducting CeRhIn 5 (at ambient pressure), which displays a magnetic Bragg peak at the incommensurate Q=(1/2, 1/2, 0.297) [32] characterizing a helical magnetic structure. [33] The a−b magnetic helix in CeRhIn 5 contrasts with the commensurate c-axis polarized resonant fluctuations which dominate the neutron response in superconducting CeCoIn 5 . [23] Doping impurities into superconductors has been used to break superconducting Cooper pairs revealing competing phases. [34] Efforts in the '115' system originally were directed to alloying on the Co site in CeCoIn 5 with either Rh or Ir as a means of tuning from superconducting to magnetic order. [35, 36] However, this phase diagram is complex with CeRhIn 5 displaying both helical magnetic order [33] and a low temperature superconducting phase under pressure [37] [38] [39] [40] [41] [42] [43] . Several commensurate magnetic phases are also believed to compete with helical magnetic order [32, 44, 45] and superconductivity with Rh-Ir alloying. Also, CeIrIn 5 is a superconductor with a reduced T c of ∼ 0.4 K. [46] Replacing Ce by La has been shown to result in a suppression of T c . [47] [48] [49] Another means of electronic tuning CeCoIn 5 with nonmagnetic impurities is through the In site with either electron doping (with Sn) or hole doping (with Cd, Hg, or Ru). [50] [51] [52] [53] [54] Doping magnetic Yb on the Ce site has also been pursued, however is unusual as the suppression of the superconductivity order parameter with doping is very mild [55, 56] and penetration depth measurements [57] even suggest that nodal d-wave superconductivity maybe replaced by a fully gapped order parameter. [58] In contrast, hole doping with Cd or Hg on the In site strongly suppresses superconductivity [59] [60] [61] 1/2, 1/2). [32, 62, 63] We note that this commensurate order contrasts with the incommensurate spin-density-wave reported at large magnetic fields in the superconducting state. [64] [65] [66] [67] [68] [69] We apply neutron diffraction and spectroscopy to study the static and dynamic magnetism in Hg doped CeCoIn 5 . CeCo(In 1−x Hg x ) 5 samples were grown from In/Hg flux. Nominal Hg substitution for In of 7% and 9% resulted in x=1.0% and 1.3% respectively (Fig.  1 d) . Elastic scattering measurements used the D23 diffractometer (ILL, France) and spectroscopic measurements were done on the IN12 (ILL, France) and the MACS (NIST, USA) cold triple-axis spectrometers using a coalignment of ∼ 150 crystals (total mass of 4 g). Experimental details are provided in the Supplementary Information.
The static magnetic properties of antiferromagnetic and superconducting CeCo(In 0.990 Hg 0.010 ) 5 and CeCo(In 0.987 Hg 0.013 ) 5 are shown in Fig. 1 and compared to helically magnetically ordered CeRhIn 5 [33] . The intensity of the magnetic Bragg peak is a measure of the magnetic order parameter and is fit to a power law near T N with Fig. 1(c) for reference with a similar analysis giving β=0. 19 . The Hg doped samples are are within error of the three dimensional Ising universality class where β=0.326 [70] . In contrast, CeRhIn 5 is consistent with a two dimensional order parameter, a property reflected in the lowenergy magnetic excitations [33, 71] , and the anisotropy of the correlation lengths [72] . Therefore, three dimensional critical dynamics coexist with superconductivity in CeCo(In 1−x Hg x ) 5 . A similar result has been noted for pnictide superconductors near the boundary between antiferromagnetism and superconductivity. [73] [74] [75] The antiferromagnetic order parameter in CeCo(In 0.990 Hg 0.010 ) 5 ( Fig. 1 a) is suggestive of a saturation at the superconducting transition T c . Confirming this is the comparison in Fig. 1 (b) which illustrates the magnetic order parameter for a Hg doping of 1.3 % with a superconducting transition T c =1.4 K. NMR measurements indicate that magnetism forms via localized droplets which are effectively decoupled from superconducting components of the sample [76] . Despite this apparent decoupling of magnetic and superconducting orders, the magnetic order parameter for Figs. 1 (a) CeCo(In 0.990 Hg 0.010 ) 5 and (b) CeCo(In 0.987 Hg 0.013 ) 5 shows a saturation at the superconducting T c , therefore indicating superconductivity interrupts the continuous formation of magnetic order. We note that a similar low temperature saturation of the magnetic order parameter has been reported in coexistent antiferromagnetic order and superconductivity CeCo(In 1−x Cd x ) 5 . [62] The low temperature Ce 3+ ordered moment in CeCo(In 0.987 Hg 0.013 ) 5 was measured by calibrating against 7 nuclear Bragg peaks to be 0.98 ± 0.2 µ B , as outlined in the Supplementary Information, while the ordered moment of CeRhIn 5 and Cd doped CeCoIn 5 is ∼ 0.3 µ B and 0.7 µ B , respectively [45, 62, 76] . Hg doped magnetic order is characterized by a magnetic moment pointing along the c-axis evidenced by a large suppression of intensity at the (1/2, 1/2, 3/2) and (1/2, 1/2, 5/2) magnetic Bragg peaks (see Supplementary Information). This contrasts with the in-plane helical order of CeRhIn 5 and also Rh doped CeCoIn 5 [44] .
We now discuss the dynamics in superconducting and antiferromagnetic CeCo(In 0.990 Hg 0.010 ) 5 summarized in 
which represents the momentum dependence of shortrange antiferromagnetic Ce 3+ moments polarized along the [001] direction with dynamic correlation lengths of ξ c = 6.8 ± 0.7Å and ξ ab =6.3 ± 0.5Å at E=0.5 meV. f (Q) 2 is the magnetic form factor [77] . The dashed line in Fig. 2 (c) is the momentum dependence expected for no preferential Ce 3+ moment direction. A Lorentzian squared function was chosen to describe the in-plane momentum dependence as it is normalizable in two dimensions. The ratio of the dynamic correlation lengths is ξ ab /ξ c ∼ 1 illustrating a strong three dimensional character. The dynamic correlation length along [001] of CeCo(In 0.990 Hg 0.010 ) 5 is comparable to the value (6.5 ± 0.9Å) for the low temperature resonance peak in superconducting CeCoIn 5 [78] illustrating that the both the polarization and dynamic correlation lengths have similarities to the parent compound resonant fluctuations. The uniaxial and three dimensional nature of the fluctuations is consistent with the Ising universality class extracted from the magnetic order parameter discussed above.
The energy dependence of the critical magnetic fluctuations of CeCo(In 0.990 Hg 0.010 ) 5 is shown in Fig. 3 . 3(a) displays a constant momentum slice at 3.5 K, illustrating that these critical fluctuations show little momentum dependence with energy transfer. Confirming this are constant energy slices at E=0.5 meV (Fig. 3 b) and 1.0 meV (Fig. 3 c) , which show little change in the lineshape and also the ratio of the dynamic correlation Fig. 4 (c) displaying a precipitous decrease in magnetic spectral weight below T N and into the superconducting state. This transfer of spectral weight occurs while static magnetic order is formed (shown in Fig. 1 
The results presented here illustrate that collinear caxis polarized magnetic order is parent to superconductivity in the CeCoIn 5 system. The magnetic order in CeCo(In 1−x Hg x ) 5 replaces the temporally well defined "Ising-like" [78] and longitudinally polarized [79] Our work on CeCo(In 1−x Hg x ) 5 shows that a three dimensional Ising phase is parent to superconductivity in CeCoIn 5 . The lack of evidence of any low energy transverse fluctuations and the presence of a commensurate low temperature structure with [001] ordered moments that mimic the polarization and momentum dependence of the resonance peak in CeCoIn 5 supports this description of the magnetic order parameter. This indicates that transverse excitations are likely heavily damped in energy and, hence, are unstable. While transverse magnetic fluctuations have been reported in CeRhIn 5 [71] , we note these fluctuations are also unstable with a momentum and energy broadened continuum of magnetic excitations resulting from spontaneous decay, or multiparticle states [33] .
Both the resonant peak in CeCoIn 5 and the c-axis polarized three dimensional fluctuations in CeCo(In 1−x Hg x ) 5 differ from the magnetic response in other materials with coexistent magnetism and superconductivity. Isotropic short-range magnetic order is proximate to unconventional superconductivity in the cuprates [81] [82] [83] [84] , while three dimensional order is nearby in pnictides [73, 74, 85] . The anisotropy is also reflected in the magnetic dynamics with a predominately c-axis polarized resonance present in CeCoIn 5 compared with the isotropic "spin-1" response measured in the cuprates. [86, 87] The underlying anisotropy has been used to explain the magnetic field dependence of the CeCoIn 5 resonance peak [28, 88] compared to explanations for the cuprates [89] . However, similar to the case discussed here, transverse spin-waves are indeed unstable in other unconventional superconductors including ironand copper-based high-T c superconductors. [86, [90] [91] [92] [93] The work here on CeCo(In 1−x Hg x ) 5 contrasts with the inelastic scattering measurements on Yb doped CeCoIn 5 that report a robust resonance peak against doping with a dispersing momentum dependence with increasing energy transfer. [94] This observation was used to argue that the resonance peak is associated with spin fluctuations seen in the superconducting state due to a reduction in dampening, similar to magnon quasiparticles in insulating quantum magnets [95] . In our current work, we report the presence of three dimensional c-axis magnetic order and the lack of low-energy transverse magnetic dynamics that reflects the Ising-like order. The c-axis polarized magnetic order in CeCo(In 1−x Hg x ) 5 is similar to the magnetic resonance peak in the superconducting phase of pure CeCoIn 5 . We do not observe a strong resonance peak at ∼ 0.5 meV despite superconductivity being present, albeit subdued. This indicates that such a gapped spin excitation is not present when a superconducting order parameter is suppressed through hole doping in favor of Ising order. The resonance peak reflects the underlying itinerant response and the superconducting gap symmetry with spectral weight being drawn from competing magnetic orders.
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Supplementary information is provided in support of the main text discussing the magnetic structure and excitations in CeCo(In1−xHgx)5 (x=0.01). We present details of sample characterization and also experimental configurations in each of the neutron experiments. Further neutron diffraction data is also shown illustrating the c-axis low temperature magnetic structure. Finally, information is presented on the background subtraction used to separate the magnetic inelastic scattering and a discussion of the origins of the observed background.
MATERIALS PREPARATION AND CHARACTERIZATION:
Single crystals of CeCo(In 1−x Hg x ) 5 were grown from In/Hg flux. The elements were placed in an alumina crucible in the nominal molar ratio Ce:Co:In:Hg = 1:1:20(1-x nom ):20x nom and sealed under vacuum in a silica ampoule. The ampoule was heated to 1150
• C, held there for 6 hours, cooled quickly to 800
• C at 150
• C/hr., then slowly cooled to 400
• C at 2 • C/hr., at which point the In/Hg flux was removed by centrifugation. The CeCo(In 1−x Hg x ) 5 plate-like, single crystals were separated from the crucible by etching in dilute HCl. The actual concentration of Hg present in samples was determined via Energy Dispersive Spectroscopy (EDS) to be x actual = 0.154 x nom . The values of x listed in the paper refer to the actual Hg concentration x actual . A similar ratio of x actual / x nom 0.1 was found for CeCo(In 1−x Cd x ) 5 .
The specific heat, plotted as C/T , versus temperature T of CeCo(In 1−x Hg x ) 5 for 0 ≤ x ≤ 2.6% is shown in Fig.  S1 . A large anomaly in C/T is observed for x ≤ 0.74% around 2 K, which corresponds to the superconducting transition. For x = 1.0% (1.3%), two somewhat broadened transitions are observed in C/T at T N = 2.8 K and T c = 1.75 K (T N = 3.4 K and T c = 1.4 K), associated with coexistent antiferromagnetic order and unconventional superconductivity as displayed in the inset of Fig. S1 . The superconducting anomalies observed in C/T for samples provide evidence for bulk superconductivity in CeCo(In 1−x Hg x ) 5 crystals with x ≤ 1.3%. by an entropy-conserving construction assuming an ideal BCS-like jump in C/T at T c , while the T N was determined as the temperature of the peak of the Néel transition. For x > 1.3%, only antiferromagnetic order was observed with T N > 4 K. A phase diagram based upon these specific heat results is shown in Fig. 1(d) of the manuscript.
NEUTRON SCATTERING:
Elastic scattering using D23: Unpolarized diffraction studies were performed on the D23 diffractometer (incident λ=2.38Å). D23 is a two-axis diffractometer with no energy analyzing crystal on the scattered side. The experiment was used to confirm the low temperature c-axis oriented magnetic structure in the Neel ordered phase. Measurements were performed on a single crystal of CeCo(In 0.987 Hg 0.013 ) 5 with a mass of 28 mg.
The sample mount used in the neutron inelastic scattering experiments is displayed in Fig. S2 . The plate like samples of CeCo(In 1−x Hg x ) 5 (x=0.010) were aligned such that reflections of the form (HHL) lay within the horizontal scattering plane. The samples were fixed to the plates using high viscosity Fomblin oil which we confirmed to be hydrogen free using prompt gamma analysis (NCNR, NIST). The overall mosaic (full-width at half maximum) was 3.0 degrees determined from rocking scans of the (004) nuclear Bragg peak.
Inelastic scattering using IN12 : On IN12 the final neutron energy was fixed at E f =3.3 meV using PG(002) crystals. Higher order harmonics were filtered with an incident beam velocity selector removing the requirement for cooled filters either before or after the sample. For all measurements, both the monochromator and analyzers were horizontally and vertically focussed.
Inelastic scattering using MACS: MACS is a cold triple-axis spectrometer consisting of 20 double-bounce PG(002) analyzing crystals and detectors. Each channel on the scattered side is collimated using 90 Soller slits before the energy analyzing crystal. The final en- ergy was fixed at E f =3.7 meV and cooled Be and BeO filters were placed before the monochromator and after the sample. This configuration allowed energy transfers up to 1.3 meV to be measured given the differing cutoffs for Be and BeO filters of 5 and 3.7 meV, respectively. The advantage of this configuration over the use of a single filter is that it removes any higher order scattering from the monochromator from reaching the sample which contributes to the background from high energy phonon scattering. Given the presence of a significant amount of Aluminum and Fomblin oil, for mounting purposes, this double filter configuration resulted in a substantial decrease in background. For all measurements, the monochromator was both horizontally and vertically focussed. Inelastic scattering using SPINS: To search for any resonance peaks reminiscent of the excitation in CeCoIn 5 , we used the SPINS cold triple-axis spectrometer at NIST. The same instrument settings as used to observe the resonance peak in pure CeCoIn 5 at T=0.1 K were used, albeit at T=0.5 K for CeCo(In 0.990 Hg 0.010 ) 5 . The final energy was fixed to E f =3.7 meV using an 11 blade graphite analyzer giving an approximately 11
• horizontal acceptance. The incident energy was varied using a vertically focussing graphite monochromator such that the energy transfer was defined byhω = E i -E f . A Be filter was used in the incident beam (with a cutoff of 5 meV) and a BeO filter was used on the scattered side (with a cutoff of 3.7 meV) providing a range in energy transfer of ∼ 1.3 meV. The sample was cooled in a He 3 cryostat to reach temperatures of ∼ 0.5 K.
Inelastic scattering using OSIRIS: High energy resolution data was obtained using the OSIRIS backscattering spectrometer located at ISIS. A whitebeam of neutrons was incident on the sample and the final energy was fixed at E f =1.84 meV using cooled graphite analyzers. The default time configuration is set for a dynamic range of ± 0.5 meV. An elastic energy resolution (full-width) of 2δE=0.025 meV was obtained for these experiments. 
ABSOLUTE CALIBRATION AND MAGNETIC STRUCTURE:
The absolute moment quoted in the main text was extracted from diffraction data on a single crystal of CeCo(In 0.987 Hg 0.013 ) 5 is summarized in Fig. S3 . Fig.  S3 (a) illustrates a plot of the measured nuclear Bragg peak structure factor squared (|F meas | 2 ) against the calculated structure factor squared (|F cal | 2 ). The linear curve was used to extract the calibration constant for the absolute moment. The large structure factor nuclear Bragg peaks (220) and (112) were found to deviate from this curve substantially owing to extinction and therefore were omitted from the analysis.
Figs. S3(b − d) display θ − 2θ scans through the magnetic Bragg peaks of CeCo(In 0.987 Hg 0.013 ) 5 at 2 K. The peaks show a strong decrease in intensity with increasing L and, as shown in Fig. S3(e) , are consistent with magnetic moments oriented along the crystallographic c-axis. The dashed curve in Fig. S3(e) is a plot of the orientation factor for magnetic neutron scattering multiplied by the magnetic form factor squared (I( Q) ∝ f (Q) 2 [1−(Q·ĉ) 2 ]). We note that measurements of magnetic peaks of the form (3/2, 3/2, L) failed to observe any magnetic signal.
BACKGROUND SUBTRACTION FOR INELASTIC SCATTERING:
We outline here how the background was corrected for from the Aluminum sample mount and Fomblin grease used to fixed the CeCo(In 1−x Hg x ) 5 samples (Fig. S2) . For the IN12 data, a combination of data at 20 K and 0.5 K was used as an estimate of the background. Similarly, for OSIRIS a background was measured at 15 K and directly subtracted from the data.
For MACS, the large detector coverage afforded a simultaneous measure of the background and also the magnetic inelastic signal of CeCo(In 0.990 Hg 0.010 ) 5 . The methodology used to estimate the background at each temperature is illustrated in Fig. S4 . Fig. S4(a) illustrates the uncorrected (raw) intensity including both magnetic and background scattering at 3.5 K at an energy transfer of 0.5 meV. The intensity consists of a component which is "powder-like" appearing as a ring of scattering independent of the angle ω or A3. Further background measurements found this component to originate from the Fomblin oil used to fix the sample and also measured this background component to be temperature dependent. Therefore, the background needed to be estimated independently at each temperature.
To subtract this background due to the Fomblin oil, we have removed a strip in (HHL) near the H=0.5 position as shown in Fig. S4(b) . This masked region was found to have a large temperature dependence indicative of a magnetic contribution. The remaining data was then used to estimate an angular independent background shown in Fig. S4(d). Subtracting Fig. S4(d) from (a) results in the purely magnetic signal displayed in Fig. S4(c) and discussed in the main text.
Further examples of this subtraction method are illustrated in Fig. S5 which shows constant E=0.5 meV of CeCo(In 0.990 Hg 0.010 ) 5 at T=2, 3.5, 15, and 20 K. The data shows little magnetic scattering at 2 K and a monotonic decrease at 15 and 20 K as discussed in the main text. Strong magnetic scattering is seen at 3.5 K associated with critical Ising fluctuations near the antiferromagnetic transition. The consistency of this method with the temperature subtraction employed on IN12 verifies the validity of this method.
